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It is proposed that the economic conditions of a state can explain the quality of public education 
in that state. The GDP per capita, personal income per capita, and poverty levels for each state 
are observed to evaluate the economic conditions, and an average ranking is observed to 
determine the quality of education in each state.  Both simple and multiple regression analyses 
are conducted to determine the relationship between the dependent variable and the independent 
variables.  The analysis shows a positive relationship between economic conditions and quality 
of education in a state.x
 
I. Introduction  
In politics, the falling quality of public education in the United States when compared to 
other countries is a frequently visited topic.  With falling quality of education across the country, 
America is seeing an increase in skilled labor hired overseas, which has created a lack of 
employment opportunities for american citizens.  As a result, politicians at both the state and 
national levels have recently and often discussed the potential for improvement to the public 
school systems in the state or country.  With this discussion, it is necessary to determine and 
understand some of the factors that affect and indicate quality of education. 
This paper analyzes economic factors that are predicted to influence the quality of public 
education in each state. A variety of aspects of all 50 states’ economies that contribute to the 
quality of their respective public education system will be considered. The degree to which these 
factors contribute to the successes or failures of the public school systems can then be 
determined and analyzed based on our research and analysis.  If such relationships between state 
economic conditions and quality of public education, then the improvement of the public school 
systems in the United States can be sped up through targeted economic policy. 
While this study focuses on the impact of quality of education on factors such as GDP, 
the impact of personal income and some other economic factors on quality of education has 
frequently been studied.  Previous studies, however, have focused on the quality of education’s 
impact on economic factors rather than economic factors’ impact on educational quality, and 
these relationships have often been studied internationally as opposed to within the United States 
alone.  Those previous studies have determined that there is a positive relationship between 
quality of education and GDP, as well as many other factors.  The existence of such a 
relationship, paired with the results of this study, provides a path for economic improvement in 
each state or district.  If economic factors driving quality of education can be identified, these 
factors can be targeted in order to improve the quality of schools systems in the specified area 
with the indirect impact of improving economic conditions in that area. 
 We propose that better economic conditions in a state indicate a higher quality of the 
public education system in the state.  The economic conditions in a state will be measured by a 
variety of different variables.  Specifically, we propose that higher levels of GDP per capita, 
higher personal income per capita, and lower poverty levels will indicate that higher quality in 
the public school systems of the state.  In addition to the prior variables, we will also examine the 
impact of the Gini coefficient and state income tax levels on the quality of education.  Multiple 
linear and multiple regressions were performed to test the validity of this hypothesis. 
 
II. Literature Review 
There have been multiple studies on education and the effect both quality and level of 
education have on the future of people's’ lives. There have also been studies on how income of 
different populations and  the history of the area affect the quality of the school systems in the 
United States. Wilson (2002) looks at the aforementioned relationship. Wilson states that it is 
universally acknowledged that the more years of schooling the higher earnings an individual will 
have. Wilson took data on individuals late into their twenties and early thirties so the data 
collected could show the true relationship between money spent on education and future income 
of the future individual. The other variables looked at were family characteristics, neighborhood 
characteristics, labor market experience, and school district expenditure per student. Wilson 
found that there was a positive relationship between income and school spending, parent’s 
education, and being surrounded by mother-only families. Parent’s education only has a 
significant effect on the person’s future income if the parent’s attended college than just 
graduating from high school. It was also found that stressful events during childhood and having 
many siblings have a negative relationship with future income. Wilson concluded her findings in 
that the effect of school quality on future income was significant and that the effect of school 
quality would be expected to be larger that individual stays in school. The effect of school 
expenditures increased in magnitude as the sample age increased as well. Wilson looked at 
similar variables looked at in this paper, but which variables affect each other are different. The 
other independent variables looked at in this paper are more extensive. 
Basher and Lagerlof (2008) analyzes how income gaps can be explained by the amount 
of secondary school in a state. The data they looked at are from 1850 and 1900. The 
rationalization behind these dates is that high ranking institutions don’t just pop-up overnight. 
Top-ranked institutions get there because of historical coincidences like slavery, population 
density, railway density, and sex ratio. These coincidences are the independent variables used in 
the study. Slavery data was from 1850 and the authors argue that slavery can only explain some 
variation in education in the United States because only a few states practiced slavery and there 
are regions that have relatively low levels of education and per-capita income that never had 
slavery. Population density was looked at because “shorter geographical distances between 
people enhances the exchange of ideas and accumulation of skills.” In other words, the more 
people in one location, the more people are going to discuss and challenge what is in front of 
them. There was also a tendency in cities to have higher wages than in rural areas. The 
explanation for this was that cities encourage learning where in rural areas it is encouraged to 
learn a trade, or a skilled job. Where there are people, there are ways to be transported. There 
was a high correlation between population density and railway density in 1900. Meaning that 
people who lived in dense areas were able to connect easier, with people in the same area and 
with people in other dense regions, than people who were not. It was also found that the sex 
ration in 1900 (men:women) was negatively correlated with income and education. The authors 
conclude that the variables used were all valid instruments and that university education has a 
positive effect on per-capita incomes. Again this article is similar to what this paper will look at 
in the simple regression, but different in the multiple regression. 
Blankenau and Youderian (2015) has also looked at the two variables used in the simple 
regression, but flipped. They focus on how spending more money on early childhood education 
relates to the income the the children later in life. It is stated that the likelihood of a child who 
grew up in a low income family was more likely to have lower income because lower income 
families aren’t able to contribute much more money than the what the government already 
spends. The reverse, for higher income children and families, was stated as well. Higher income 
families are able to spend extra money on school. This creates the gap in the amount of money 
each child receives. The paper argues that if the government gave more money to childhood 
education, then the wealthier parents wouldn’t spend as much extra on early childhood education 
and the gap of how much money spent on each child would grow smaller and eventually 
wouldn’t have an effect on future income. The variables looked at were the innate ability of the 
child received through his/her parents, education expenditures in the kth period of life (early 
childhood,middle childhood, late childhood), and parental human capital. Education 
expenditures variable was broken down into government spending and parental education 
spending. Multiple experiments occurred and the results were that with the current government 
policies in place, the funding has a large effect on the persistence of income across generations, 
an increase in early childhood education decreased the gap by 26 percent, and that a large 
increase in spending on later years of education has almost no effect on persistence. 
Krueger and Lindahl (2000) seek to create a model that examines the way “policies may 
interact with the quality of education across communities, residence choices, and individual 
welfare” when heterogenous income among individuals is assumed.  The authors begin with the 
proven assumption that higher educational expenditure leads to increased quality of education 
among communities.  As such, the authors begin with the statement that an increased GDP 
combined with beneficial policies increases the quality of education.  In addition to this proven 
assumption, the authors also state that policies which increase expenditures in the lowest income 
areas will create the greatest improvement to quality of education.  This statement furthers the 
proof of the relationship between school system expenditures and quality of education. The 
model possesses the features of “communities, individuals who differ with respect to income and 
who are able to exercise some element of choice with respect to where they wish to reside, 
technologies that transform expenditures on education into a quality of education and quality of 
education into future income, and a mechanism that translates individual preferences into a 
collective choice”.  The model indicates that there is a positive relationship between income and 
quality of education.  It shows that a community with a more highly ranked school system (even 
if just slightly) will attract a higher income residential group.  Thus, as individuals’ incomes 
improve, they will move to these communities with higher education.  This reaction will increase 
the average income in higher ranked school systems and decrease the average income in lower 
ranked school systems. 
The previous articles prove that there is a relationship between education and income. 
What they don’t prove is that the quality of a state’s public school system can be determined by 
the state’s economic level. Specifically the quality of the school system being determined by 
GDP per capita, personal income per capita, and the poverty level for each state. This paper goes 
into detail on the relationship between the variables and how they determine the quality of the 
school systems in the United States. This paper pursues the idea that the economic conditions of 




III. Data  
 The dependent variable used in this paper to determine the quality of a state’s public 
school system is a function of several ranking systems. Since rankings vary by the source, 
sometimes dramatically, by taking a modified average among several different rankings, we are 
able to determine a more accurate depiction of the comparative quality of each state’s education. 
We considered rankings provided by: Education Week, US News, Kids Count, NAEP, and Start 
Class. To aggregate these rankings and to obtain the most representative value for each state, we 
took the average as the median. This reduced the impact of outliers and of states that were 
assigned a wide range of varying ranks.  
 The rankings come from the sources listed above. Some sources provide general rankings 
while others focus on comparing certain aspects of the school system. Education Week 
determined ranks for each state based on the chance of success for the average student, 
achievement of the students, and financial analysis of the school systems. US News ranks the 
states based on the quality of their public high schools which is determined by how well those 
high schools prepare their students for college. Kids Count considers four key indicators to 
determine its rankings. These key indicators are economic well-being, education, health, and 
family and community. Start Class solely uses the standardized test  
scores of each state and ranks them depending on the percent of students who performed at or 
above proficiency.  
 The explanatory variables we will consider are GDP per capita or personal income per 
capita for each state from the Bureau of Economic Analysis. We will also consider the poverty 
level of each state and the Gini coefficient sourced from the United States Census Bureau. The 
final independent variable considered is the average personal income tax rate in each state which 
is from Tax Foundation. These factors were selected so that we can determine how the specific 
economy of each state can affect the public education of that state. We selected GDP, personal 
income, and poverty level so that we could measure the overall economy of the state, as well as 





Gauss Markov Assumptions 
1. The model is linear in parameters. 
2. The data was randomly sampled, as defined in the data sources.  Because our population 
size was 50, data was collected from each state, but the data from each state was 
randomly sampled. 
3. There is no perfect collinearity among the independent variables.  There may be degrees 
of high collinearity among variables such as average personal income and poverty level, 
but there is no perfect collinearity. 
4. As more independent variables are added to the model, the probability of a zero 
conditional mean increases.  For this study, since many potential relevant variables were 
analyzed and determined not to be significant, it is assumed that the expected value of the 
error given the independent variables is zero. 
5. It is assumed that the explanatory variables contain no information about the variance of 
unobserved factors. 
Because the model does not violate the Gauss Markov assumptions, it can be said that this model 
is the best estimator of the relationship.  Furthermore, because the model does not violate 
assumptions 1-4, the model is unbiased. 
 
School Ranking 
In order to judge quality of education, we used four different systems that ranked the schools 
from 1-51.  The median of the five rankings was used to measure quality of education in order to 
ensure that the rankings were not skewed heavily by outlier rankings while still achieving 
accuracy by using a number of different ranking systems. The four rankings used are: Education 
Week, U.S. News, Kids Count, and Start Class 
 
Average Personal Income 
Average income values among individuals in the given state were collected in order to help 
determine the effect on quality of education.  Because of its strong relationship with quality of 
education, this variable was chosen over GDP per capita for use in the final model.  Data on 
average personal income values was collected from the Bureau of Economic Analysis. 
 
 
GDP per Capita 
GDP per capita was used as an explanatory variable and an indicator of the quality of 
education.  However, GDP per capita was not as strongly correlated with quality of education as 
average personal income, and thus was not included in the final model. GDP per capita is 
sourced from the Bureau of Economic Analysis.  
 
Poverty Level 
The poverty level, defined as the percentage of the population beneath the federal poverty level 
(the minimum amount of gross income that a family needs for food, clothing, transportation, 
shelter, and other necessities), was also used to explain quality of education.  It is hypothesized 
that a lower poverty level will result in a higher quality of education. Poverty level is sourced 
from the U.S. Census Bureau. 
 
Gini Coefficient 
The Gini coefficient is a measure of income inequality in an area and was collected for each of 
the 50 states.  We hypothesize that a lower Gini coefficient (less income inequality) will lead to a 
higher quality of education. The Gini coefficient is sourced from the U.S. Census Bureau.  
 
Average Income Tax Rate 
The average income tax rate for each of the fifty states was collected to predict the quality of 
education for the respective state.  It is hypothesized that a higher income tax rate will lead to a 
higher quality of education due to an increased level of funding for public education systems. 
The average income tax rate is sourced from the Tax Foundation.  
 
Above Average Personal Income 
This is a binary variable that is equal to 1 if the average personal income per capita of the state is 
above the national average. It was calculated based on the data used to measure personal income 









GDP Per Capita 50 48,064.66 8,853.34 31,894 66,835 
Personal Income 
Per Capita 
50 46,857.16 7,439.48 34,771 68,704 
Poverty Level (%) 50 14.17 3.10 8.2 22 
 
Gini Coefficient  50 0.46374 0.0189896 0.418 0.514 
Average State 
Income Tax Rate 

























GDP per Capita 
 
The GDP per capita plot shows a slight negative correlation with educational ranking, but this 
correlation is very weak. 
 
Average Personal Income 
 
The average personal income plot shows a strong negative correlation with the educational 













The poverty level plot shows a strong positive correlation with the ranking of the school system. 
 
Average Income Tax Rate 
 

















The Gini coefficient plot above shows a slight positive correlation with the ranking of the school 
system. 
 
Correlation between independent variables: 










GDP Per Capita 1.00     
Personal Income 
Per Capita 
0.88 1.00    
Poverty Level -0.65 -0.73 1.00   
Gini Coefficient -0.03 0.05 0.53 1.00  
Income Tax Rate -0.18 -0.13 0.05 0.08 1.00 
 
Since personal income per capita and GDP per capita are highly positively correlated, 
only one will be used as an independent variable. If both are used, then there would an issue with 
collinearity and the regression analysis would be wrong. The scatter plots above show that 
personal income per capita has a higher correlation than GDP per capita. Because of this result, 
personal income per capita will be used as an independent variable over GDP per capita. Poverty 
level, personal income, the Gini coefficient, and the average income tax graphs show the highest 
correlation. These are also the variables used in the multiple regression. 
 
III. Results 
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50 50 50 50 50 
R-square 0.4276 0.5932 0.6535 0.6555 0.6560 
T-values shown in parentheses, * indicates significance at 10%, ** 5%, *** 1% 
 
 The results of the simple regression and the three multiple regressions are shown in the 
table above. In regards to the simple regression, both the intercept and the independent variable 
are highly significant. The second model decreases in the variables’ significance. The income 
variable went from significant at the one percent level in the simple regression to only significant 
at the ten percent level in the second model, and not significant at all in the third and fourth 
models. Poverty level is highly significant in the second, third and fourth models. The Gini 
coefficient is significant at the one percent level for both the third and the fourth models. In the 
fourth model, income tax and personal income are both insignificant. There could be a problem 
with multicollinearity between income tax and personal income causing them to be insignificant. 
The intercept is significant at the one percent level for each model except the second model. The 
R-squared values increase with each variable added. The increasing R-squared value means that 
more and more of the variance is explained when adding each new variable to the regression. It 
also means that each variable has some significance to the explanation of school system rank. 
 The fourth model shows that for every increase in the Gini coefficient and income tax, 
the school system rank decreases. The bigger the Gini coefficient the “lower” ranked the school 
system is. Remember, the lower the rank of the school system, the better that school system is. 
The fourth model also implies that the higher the income tax the better the school system, but 
because the coefficient for the income tax variable isn’t significant, a huge increase in income 
tax wouldn’t move the school system ranking very much. This can also be interpreted as state 
governments don’t spend enough income tax dollars on public schools that an increase in income 
tax doesn’t affect the school ranking. Poverty level, however, has an effect on school ranking and 
not in a good way. The coefficient for poverty level is positive. In other words, for every increase 
in poverty level there is an increase in school system ranking. The higher the poverty level, the 
higher the school system ranking. 
 The final model includes a dummy variable, also known as a binary variable, that 
considers if the state’s average personal income per capita is above the national average. The 
coefficient of the dummy variable is added to the intercept when calculating the state’s public 
school ranking if the state’s average personal income per capita is above the national average, or 
doesn’t add anything to the intercept if the state’s average is below the national average. This 
variable did not prove to be significant and did not benefit the model, so we will not consider it 
as part of our findings.  
 The results are clear in what variables affect public school system rankings. The variables 
that are the most significant are poverty level and the Gini coefficient. 
 
P-Values 
Dependent Variable edurank 
Independent Variables Model 1 Model 2 Model 3 Model 4 
pinc 0.000 0.062 0.140 0.192 
povlev  0.000 0.000 0.000 
gini   0.004 0.007 
inctax    0.307 
Intercept 0.000 0.331 0.006 0.007 
 
From the P-values, we can see that the poverty level is highly significant across all 
models. The significance of average personal income per capita decreases as additional variables 
are added to the regression, declining from significant at the 1% level to not significant at the 
10% level. The Gini coefficient is significant in both regressions it appears in and average 
income tax rate is only significant at around 70% significance in the final regression.  
 
F-Test 
For an F-test, we want to test joint significance between average personal income and 
average income tax rate. Therefore, the null hypothesis is that 𝛽1  and 𝛽4 are both equal to 0. 
Then the resulting F value is 19.59. According to the F-distribution, the probability of the F-
value being greater than 19.59 is essentially zero. Therefore, average personal income and 
average income tax rate are jointly significant.  
The next F-test we want to test is for average personal income per capita and poverty 
level. These variables demonstrated a -0.73 correlation, so we want to test for multicollinearity. 
The resulting F value is 40.55. According to the F-distribution, the probability of the F-value 
being greater than 40.55 is essentially zero. Therefore, average personal income per capita and 
poverty level are jointly significant, and there might be collinearity between these variables.  
For the same reason, we also want to test poverty level and the Gini coefficient since they 
have a correlation of 0.53. This F-test results in a F value of 36.18. Like the previous F-tests, the 
F-distribution tells us that the probability of the F-value being greater than 36.18 is essentially 
zero. There could possibly be collinearity between these variables as well.  
The results of the F-tests states that the regression using these variables won’t be the best 
predictor of public school rankings. When holding all other variables constant except poverty 
level, the regression equation won’t accurately predict the school ranking because part of the 
data that needs to be used is tied up in the other variables. 
 
IV. Conclusions 
Initially, average personal income is negatively correlated with educational rank such that 
increased average personal income results in a lower, better rank. However, once the Gini 
coefficient is considered in the regression, average personal income becomes insignificant. 
Therefore, these results demonstrate that we cannot use average personal income alone within a 
state to determine the quality of the public schools in that state.  
The hypothesis at the beginning of this paper stated that higher levels of GDP per capita, 
higher personal income per capita, and lower poverty levels will indicate a higher quality public 
school system of that state. With the results, it is clear that the hypothesis for lower poverty 
levels will result in a higher (lower number) ranking school system. GDP per capita did not show 
a strong correlation with the public school rankings, and experienced multicollinearity with 
average personal income. Since income per capita had a higher correlation with the school 
system rankings, it was decided that GDP per capita wouldn’t be used in the multiple regression 
models and personal income per capita would be used. Personal income per capita in two out of 
the four models wasn’t significant which was not hypothesized. Personal income per capita was 
thought to affect public school system rankings than the regressions showed. 
The Gini coefficient and state income tax were added into the regression later in the 
analysis because the multicollinearity between GDP per capita and personal income per capita 
created issues in the model. Adding in these two variables helped explain more of the variance in 
the regression models as indicated by the increasing R-squared values. 
In conclusion, the hypothesis was partially rejected and partially not rejected.  The stated 
negative relationship between average personal income and educational ranking was rejected 
because average personal income lost significance and was positively correlated with educational 
ranking in later models.  The stated negative relationship between GDP per capita and 
educational ranking was also rejected because GDP per capita failed to show a strong initial 
correlation with educational ranking, particularly when compared with average personal 
income.  The stated positive relationship between poverty level and educational ranking was not 
rejected because the poverty level did not lose significance with additional models and continued 


































































Restricted model for second F-test: 
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